ABSTRACT.--The avian status of Mononykus is refuted in this paper through a detailed analysis of its supposed avian characters. An extensive comparison between it and fossorial mammals (especially moles), as well as various bipedal archosaurs, indicates that some of its resemblances to extant birds are digging adaptations. Most of the others can be explained either by its digging adaptation or by its obligatory bipedalism. In addition, many of its features, as compared with birds (including Archaeopteryx), seem to be too primitive for avian flight, and there is no evidence indicating that the absence of flight in Mononykus was secondarily lost. 
does not reach the tarsus. They did not specify other characters used to place Mononykus in the group Avialae; therefore, as I understand their approach, these five characters form their main evidence for the avian status of Mononykus. In addition to these, several other characters were either considered to be ambiguous characters of Metornithes or were simply compared with extant birds.
Before analysis of these characters, it is necessary to examine the digging habit of Mononykus. As clearly stated by Perle et al. (1993: 625) , "the highly modified forelimb of Mononykus is similar to that of digging animals. The large process of the humerus, large olecranon process of the ulna, short massive forelimb elements and carpometacarpus, and sturdy claw suggest extremely powerful functional capabilities during adduction." These features also are present in various digging animals, including moles, fossorial multituberculates, rodents, etc. As the seventh skeletal specimen of Archaeopteryx has an ossified sternum (Wellnhofer 1993) , it is reasonable to believe that a sternum might be present in the ancestry of birds too. That the sternum is large is a relative concept. It is difficult to determine from this statement when a sternum can be called large. Furthermore, as Mononykus clearly is a digging animal, and a large manubrium is usually present in fossorial mammals, it is easy to understand that its relatively large size is probably related to the fossorial adaptation of the forelimb. The sternum usually is longitudinally oriented in birds except in ratites. In Archaeopteryx, the sternum is wider than long, probably representing the most primitive condition of this structure in birds. The sternum is not markedly longer than wide in Cathayornis (Zhou in press) and Concornis (Sanz and Buscalioni 1992) . In those dinosaurs that are known to have a pair of sterna, it is usually wider than long (Barsbold 1983). Among pterosaurs, the sternum is longer than wide (Eaton, 1910) . Therefore, the ratio of the length to width may be an indicator of the flight capacity. The increase of this ratio also can be the result of another totally different adaptation--digging. The sternum is found to be greatly elongated in moles in comparison with the usual mammalian types (Slonaker 1920) . Also, according to Campbell (1939), not only is the sternum usually longer than wide, but there is a tendency from the simple to complex (primitive to specialized) for the width of the manubrium to decrease in proportion to the length. In other words, the increase of the length-to-width ratio is closely related to the improvement of the digging power. Based on this analysis, and considering the presence of digging habits in Mononykus, I conclude that its longitudinally oriented sternum can be most reasonably explained as further evidence of fossorial capacity.
In fact, digging habits are found in many mam
With regard to the presence of a sternal carina, note that an ossified sternal carina is present in all known digging animals, including those in Insectivora (Slonaker 1920 , Campbell 1939 , Multitubercata (Kielan-Jaworowska 1989), and Rodentia (Barnosky 1981). Furthermore, the change of the carina in birds and moles is to a great degree similar to that of the length-towidth ratio. The carina is absent in Archaeopteryx and secondarily lost in ratite birds; it is initially developed in Early Cretaceous birds like Cathayornis (Zhou 1992) and Concornis (Sanz and Buscalioni 1992) . A sternal carina has never been found in any dinosaurs, but it is reported in pterosaurs and bats. According to Campbell (1939), in digging moles, the ventral ridge (keel) becomes deeper from the simple to complex, and primitive to specialized genera. Undoubtedly, the sternal carina, just like flight, had arisen many times independently in tetrapods, and the two best known adaptations accounting for its appearance are flight and digging. With respect to the sternal carina in Mononykus, it is most reasonably explained as evidence for the digging power of this animal.
Before analyzing character 3, it is necessary to evaluate the differences between two types of antitrochanters in archosaurs. The avian type is positioned on the postero-dorsal rim of the acetabulum; the hadrosaur type is totally different. According to Romer (1927) According to Slonaker (1920) , the greatest variation found in the pelvis of the different genera of the Talpidae is in the region of the pubic symphysis, which varies from a well formed symphysis to a relatively wide gap between the pubic bones. In conclusion, the character of lack of symphysis between the pubis and ischium must have arisen at many different times in archosaurs for various unknown reasons. In phylogenetic studies, this feature is not helpful in resolving relationships. Mononykus also resembles extant birds in having an ulna longer than the humerus, but this almost certainly is due to the great elongation of the olecranon. A well developed olecranal process is characteristic of all fossorial mammals (Slonaker 1920 The second question, although never clearly stated, was implied in the papers of Perle et al. (1993 Perle et al. ( , 1994 . Mononykus was considered to be more closely related to extant birds than Archaeopteryx because it has several derived features including a carinate sternum and reduced fibula. However, they did not explain why these features were chosen. They provide at best a superficial resemblance between Mononykus and extant birds. Fortunately, the forelimbs were preserved in the specimen and clearly indicate that Mononykus is an animal specialized for digging (see above).
Among the five ambiguous characters linking Mononykus to extant birds and other resemblances between them, most can be explained by the acquisition of digging; others probably are related to obligatory bipedalism. There is no definite evidence supporting the avian status of Mononykus; it likely is a specialized dinosaur (whether it is a theropod is beyond the scope of this paper), with several avian simi- confirmed by him as valid. Molnar (1985) also found that Archaeopteryx has eight of these characters-significantly fewer than Avimimus itself, and also fewer than are found piecemeal among theropods. Contrary to Molnar's conclusion, which recommended a reassessment of the position of Archaeopteryx, these resemblances are, in my view, either synapomorphies for Avimimus and birds, or independently developed in them. If these resemblances are not carefully analyzed, a dinosaur might easily be recognized as a more derived bird than a true early bird. This unfortunately has already happened with Mononykus.
Most birdlike dinosaurs occur late in the Cretaceous, at the end of dinosaurian history, whereas as ones go back through time to Archaeopteryx or beyond, they are less birdlike. Possibly, most of the avian characters of theropods are only convergently similar to birds, and Mononykus shows us how willing some people are to be deceived by such convergence.
Finally, Mononykus has some features that seem too primitive for the presence of flight. One could argue that flight has been secondarily lost in Mononykus, but how would this be known? There is no evidence that can account for the modification of these flight features. Fossorial life could force the shortening of the forelimb elements, but how can we explain the presence of short coracoid, the closeness of the width of the ulna and the radius, and the lack of fusion of the metatarsals. The most-parsimonious explanation is that Mononykus is not a bird and that its ancestors never possessed the capacity for flight.
